were compared. We also evaluated the participants for kyphosis and investigated the extent to which inaccurate BMI assessments led to the misclassification of underweight participants as normal weight and of normal weight participants as overweight.
Methods

Study Population
The Kurabuchi study is an ongoing community-based cohort study of aging involving functional assessment of an older population in Kurabuchi Town, Takasaki City (approximately 100 km north of Tokyo, Japan), a rural mountainous area where a quarter of the population work in the primary sector of industry (19, 20) . In 2005 and 2006, all residents aged 65 years or older, excluding those hospitalized or institutionalized, were enrolled (n = 1,294), and 842 (491 women and 351 men) of them (65.1%) participated in detailed health examinations, including anthropometric measurements and kyphosis evaluation, carried out in eight community centers.
The study protocol was approved by the Ethics Committee of the School of Medicine, Keio University (Tokyo, Japan), and written informed consent was obtained from all participants.
Measurement of Height, Weight, and Demi-span
Height was measured with a portable stadiometer. Participants were asked to remove their shoes and socks and stretch to maximum height with their backs to the stadiometer. Readings were recorded to the nearest 0.1 cm. Weight was measured in all participants (lightly clothed) to the nearest 0.1 kg by having them stand on an electronic scale (WB-110; Tanita Co., Tokyo, Japan) placed on a firm surface. Demi-span was measured with a tape from the finger root to the sternal notch; participants were seated, with the arm stretched out laterally ( Figure 1 ) (21) . The left arm was measured, unless it could not be stretched fully or was injured or deformed; measurements were recorded to the nearest 0.1 cm. The interrater reliability of the demispan was good (interclass correlation: .96) (21) .
Evaluation of Kyphosis
Kyphotic posture was evaluated with a modified version of the method described by Kado and colleagues (17) . Participants were asked to lie flat on a table with their eyes directed toward the ceiling, and the distance from the occiput to the table (OTD) was measured. Kyphotic individuals are unable to lie flat with their heads in a neutral position (ie, neither hyperextended nor hyperflexed) on a flat surface. In Kado's method, the degree of kyphotic posture is evaluated according to the number of blocks placed between the occiput and the table that is required to achieve a neutral head position in the participant: the larger the number of blocks, the greater the degree of kyphotic posture. In the original method, 1.7-cm blocks are used, but in the present study, 1.5-cm blocks were used to compensate for the smaller body size of Japanese. The interrater reliability, assessed by interclass correlation, of OTD was .9 ( Dr Deborah Kado, personal communication).
Calculation of BMI
Observed BMI was calculated as weight (kilograms) divided by the square of observed height (meters). Predicted BMI was calculated on the basis of height as predicted by measurement of the demi-span; separate prediction equations were used for men and women, as described below. The equations reported by Bassey (21) and used in other studies rely on data concerning the stature of Europeans, so we used regression equations derived from our study participants with straight posture. Participants with 1-block OTD were classified, like those with 0-block OTD, as having straight posture because including them in this category did not significantly alter the equations. The equation for women was predicted height (cm) = (1.44 × demi-span in cm) + 48.23; for men, it was predicted height (cm) = (1.39 × demi-span in cm) + 55.56.
Statistical Analysis
We used STATA version 11 (STATA Corporation, College Station, TX) for all data analyses. First, scatter plots were drawn to show the relationship between observed BMI and predicted BMI in association with the presence of kyphotic posture. The differences between observed BMI and predicted BMI were also calculated by subtracting predicted BMI from observed BMI. Finally, the participants were classified as underweight (BMI < 18.5), normal weight (BMI 18.5-24.9), or overweight (BMI ≥ 25.0) on the basis of observed BMI and predicted BMI, respectively. The results were cross-tabulated, and accordance/discordance was investigated. The results did not vary by sex, so the findings shown are those for men and women combined. Table 1 shows the characteristics of the study population by sex; more than half of both sexes were in their 70s. Kyphosis measurements ranged from 0 to 11 blocks, with 1 block being the most prevalent in both sexes. With a cutoff of greater than or equal to 2 blocks versus 1 or 0 blocks, kyphosis was present in 31.6% of the women and 45.9% of the men. With the cutoff set at greater than or equal to 3 blocks, the corresponding figures were 16.1% and 18.8%, respectively.
Results
The differences between observed BMI and predicted BMI according to the grade of kyphosis are shown in Figure 2 . Observed BMI was virtually identical to predicted BMI in those with 0-, 1-, and 2-block OTD. However, observed BMI was higher than predicted BMI in those with greater than or equal to 3-block OTD. The mean difference (95% confidence interval) between observed BMI and predicted BMI was −0.010 kg/m 2 (−0.109 to 0.090) for those with 0-or 1-block OTD, 0.149 kg/m 2 (−0.054 to 0.352) for those with 2-block OTD, and 0.965 kg/m 2 (0.673-1.256) for those with greater than or equal to 3-block OTD; the difference was statistically significant only in those with greater than or equal to 3-block OTD. If BMI is overestimated on the basis of observed height, those with kyphosis may easily be misclassified as (1) normal weight when they are actually underweight if BMI is calculated on the basis of predicted height or (2) overweight when predicted BMI places them in the normal weight range. To clearly demonstrate the potential for misclassification, cross-tabulations of underweight, normal weight, and overweight as calculated on the basis of observed BMI and predicted BMI are shown in Table 2 . In some cases, predicted BMI was lower than observed BMI due to imperfections in the equations, so the higher of the two was used as predicted BMI. According to the result shown in Figure 1 , cross-tabulations were done separately for those with less than or equal to 2-block OTD and for those with greater than or equal to 3-block OTD: The results were compared.
Among the participants with greater than or equal to 3-block OTD, 16 (11.0%) were classified as normal weight, although they were underweight on the basis of predicted BMI; only 3.9% (n = 27) of those with less than or equal to 2-block OTD were similarly misclassified (11.0% vs 3.9%, p < .01 for c 2 test). Fourteen (9.7%) of the participants with greater than or equal to 3-block OTD were classified as overweight when they were normal weight according to predicted BMI; again, the corresponding number (4.2%, n = 29) of those with less than or equal to 2-block OTD was much lower (p < .01 for c 2 test). The prevalence of kyphosis requiring greater than or equal to 3 blocks to achieve a neutral head position was higher among the participants aged 75 years or older than among the study population as a whole (23.6% vs 17.2%), and the proportion of misclassification was elevated at that degree of kyphosis: false normal weight classifications in 14.9% of participants and false overweight classifications in 11.9% (Table 2 ). The corresponding figures for those requiring less than or equal to 2 blocks were 5.8% and 4.9%.
Discussion
This study shows that there is a distinct risk of weight misclassifications due to kyphosis in adults aged 65 years or older: 11% of our participants with kyphosis corresponding to greater than or equal to 3-block OTD were classified as normal weight when they were actually underweight and 10% were erroneously classified as overweight. The corresponding figures for those aged 75 years or older were 15% and 12%, respectively. Such misclassifications may result in some underweight elderly people failing to receive nutritional support and in others of normal weight being put on unnecessary weight reduction programs. One study indicated that persons with hyperkyphosis have a 1.4 times higher rate of mortality after adjustment for possible confounders than those without (17) . When taking this into consideration, the risk of mortality associated with underweight may be underestimated and that the risk associated with overweight may be overestimated in epidemiological studies using BMI. Kyphosis is common in older persons, with an estimated prevalence of between 20% and 40% (depending on the definition of kyphosis) (10) , and the degree of kyphosis tends to progress with aging. We found a prevalence of kyphosis corresponding to greater than or equal to 3-block OTD of 17.2% in our entire subject population, rising to 23.6% in those aged 75 years or older. We speculate, therefore, that the impact of weight misclassifications on estimates of mortality risk associated with underweight and overweight is especially high for people aged 75 years or older.
Kyphosis can be measured from radiographs or with noninvasive methods, including the kyphosis index (22), occiput-to-table distance (17) , occiput-to-wall distance (11) , and qualitative visual measurements (23, 24) . Height is generally measured with the participant standing with their back stretched against the stadiometer, as in this study. Elderly people are often able to correct their posture so that height is measured correctly. However, those with uncorrected rigid kyphosis cannot compensate for it, so their height is underestimated. We selected OTD for this study because measurements are made with the participant in a supine position on a table, allowing us to evaluate uncorrected kyphosis. Various measures to prevent weight misclassifications due to kyphosis exist. First, alternatives to height measurements, such as demi-span, arm span, and knee height, can be used to calculate BMI. We selected demi-span because it offers the following advantages: Undressing is not required; the number of joints included is smaller than with the arm span (21) ; and measurements are known to decrease slowly with age (25) . Second, instead of BMI, nutritional markers, like mid-arm circumference and calf circumference, can be used if the purpose is to screen for malnutrition. Aging is associated with changes in body composition, and the reliability of BMI itself as a surrogate marker of body fat in later life needs further discussion.
Few studies have investigated BMI overestimation due to age-related height loss. Sorkin and colleagues (8) estimated that the artifactual increase in BMI caused by cumulative height loss from age 30 to 80 was 1.2 U in men and 1.6 U in women. Hirani and Mindell (26) calculated BMIs in adults aged 65 years or older, using both measured height and demi-span equivalent height. In women, the prevalence of underweight was 1.2% when BMI was calculated on the basis of measured height and 2.8% when BMI was calculated according to demi-span equivalent height; the figures for overweight were 66.5% and 60.1%, respectively. No such differences were found in men. Our findings expand on these earlier studies, but we think, we are the first to include accurate evaluations of kyphosis and demonstrate that the proportion of misclassification varies according to the degree of kyphosis. We will continue to collect detailed data on our participants to further assess the impact of weight misclassifications on the association between BMI and health outcomes, including mortality.
One limitation of this study is that 65% of the target population participated, and as previously reported, the participants were younger and better educated than the nonparticipants (19) . Both younger age and better education can be associated with a reduced prevalence of osteoporotic fractures, and the prevalence and degree of kyphosis, so the proportion of misclassification in our study might be underestimated (27) . Another limitation is that our equations for predicted height were derived from data on the nonkyphotic study population. Because age-related stature shrinking also occurs in nonkyphotic participants, predicted height, and therefore the proportion of misclassification, might still be underestimated in this study. Also, only community-dwelling older Japanese were studied, so our findings may not apply to other populations, including institutionalized people.
In conclusion, this study suggests that inaccurate BMI due to kyphosis lead to substantial misclassifications of older people as normal weight or overweight. Options to prevent such misclassifications include the use of alternative methods of measuring height for BMI calculations and, indeed, the use of alternatives to BMI itself for classifying underweight and overweight.
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